We explore the relationship between the extended radio and line emission for a radioloud quasar sample including both core-dominated and lobe-dominated quasars. A strong correlation is present between the extended radio and broad-line emission. The core emission is also correlated with the broad-line emission for core-dominated quasars in the sample. The statistic behaviour on the core emission of lobe-dominated quasars is rather different from that of core-dominated quasars. The extended radio luminosity is a good tracer for jet power, while the core luminosity can only be a jet power tracer for core-dominated quasars.
INTRODUCTION
The current most favoured models of powering active galactic nuclei (AGNs) involve gas accretion onto a massive black hole, though the details are still unclear. Relativistic jets have been observed in many radio-loud AGNs and are believed to be formed very close to the black holes. In some theoretical models of the formation of the jet, the power is generated through accretion and then extracted from the disc/black hole rotational energy and converted into the kinetic power of the jet (Blandford & Znajek; Blandford & Payne 1982) . Recently, numerical smulations show that the jet can be accelerated from the disk region very close to the black hole (Koide et al. 1999) . The jet-disc connection has been investigated by many workers (Rawlings & Saunders 1991; Falcke & Biermann 1995; Xu & Livio 1999 ). An effective approach to study the link between these two phenomena is to explore the relationship between the correponding emission. A strong correlation is found between the low-frequency radio and narrow line luminosities of 3C radio sources (Baum & Heckman 1989; Rawlings et al. 1989; McCarthy 1993; Tadhunter et al. 1998) . The bulk kinetic power in the jet Qjet can be inferred from its low-frequency radio luminosity. Rawlings & Saunders (1991) presented a correlation between Qjet and the narrow line luminosity LNLR. A correlation between the optical and low-frequency radio luminosities has been confirmed for a sample of steepspectrum quasars (Serjeant et al. 1998; Willott et al. 1998) . which seems to argue against the narrow line emission being controlled mainly by the environment (Dunlop & Peacock 1993) .
The different angles between the radio jet axis and the line of sight can alter the observational phenomena dramatically. Radio galaxies and radio-loud quasars are believed to be the same objects viewed at different angles to the jet axis (Scheuer 1987; Barthel 1989; Antonucci 1993) . A dusty torus perpendicular to the jet axis and can obscure the central emission region if the angle between the jet axis and the line of sight is large enough. The narrow line region in quasars is extended beyond the putative dusty torus, so that it is believed to be independent of the jet axis and is therefore isotropic. Cao & Jiang (1999) have performed statistic analyses on the correlation between the total radio and broad-line emission for a sample of radio-loud quasars. The broad-line region is ionized by the central source and is therefore a good indicator of emission from the accretion disc. The broad-line data are usually easily available compared with the narrow line data which is available only for the sources within a restricted redshift range. VLA observations can separate the extended radio emission from the core emission. In this work, we use Cao & Jiang's sample and collect all available data of extended radio emission from the literature to explore the relation between extended radio emission and broad-line emission.
We describe the adopted sample in next section. Sections 3 and 4 contain the results and a discussion. The cosmological parameters H0 = 50 kms −1 Mpc −1 and q0 =0.5 have been adopted in this work. 
THE SAMPLE
We start with the sample of Cao & Jiang (1999) , since the broad-line data of their sample have been well compiled. Their sample is a combination of all quasars and BL Lac objects with available line data in 1 Jy, S4 and S5 catalogues. The radio flux density limit of S5 catalogue at 5 GHz is 0.25 Jy. There are 198 sources in their sample including 184 quasars and 14 BL Lac objects. Their sample is drawn from the parent flux-limited sample selected at 5 GHz. The selection effects may be introduced, i.e., those sources without published line flux measurements are likely to be biassed towards those with weak lines. We believe it would not affect the main results of present investigation. We search the literature and collect all available data of VLA observations on the sources, and find 141 sources with both core and extended emission data including 128 quasars and 13 BL Lac objects. The core and extended flux density is K-corrected to 5 GHz in the rest frame of the source assuming αc = 0 and αe = −1 (fcore ∝ ν αc , fext ∝ ν αe ). The core and extended radio flux density at 5 GHz in the rest frame of the sources are listed in Table 1 . The ratio R of the core to extended radio luminosity in the rest frame of the sources is then available (see column (6) of Table 1 ). The flux of narrow line [O iii] is also listed in Table 1 , since it is the most frequently observed narrow line for the sources in present sample. The total broad-line flux is estimated by Cao & Jiang (1999) using the line ratios reported by Francis et al. (1991) .
RESULTS
We present the core and extended radio luminosity at 5 GHz in the rest frame of the source as functions of redshift z for the sample in Figs. 1 and 2 . We note that the extended ra- dio luminosity provides wider dispersion and show weaker dependence of redshift than the core luminosity. This is due to the fact that present sample has a limit on total radio flux density, not on extended radio flux density. We plot the relation between the extended radio luminosity and total broadline luminosity in Fig. 3 and find a significant correlation between them at > 99.9 per cent confidence (Spearman correlation coefficient ρ). It is well known that the correlation between luminosities may be caused by common redshift dependence. We therefore perform a statistic analysis on the sources in the restricted redshift range 0.5 < z < 1.5. For (2): classification of the source. Column (3): redshift. Column (4): core flux density in the rest frame of the source. Column (5): extended flux density in the rest frame of the source. Column (6): ratio R of the core to extended emission. Column (7): references for the radio emission. Column (8): flux of [OIII] (in ergs. s −1 cm −2 ). Column (9): references for the line emission.
References: B89: Baldwin et al. (1989) . B94: Baker et al. (1994) . BM87: Browne & Murphy (1987) . BP86: Browne & Perley (1986) . C99: Cassaro et al. (1999) . d94: di Serego Alighieri et al. (1994) . GW94: Gelderman & Whittle (1994) . H83: Hintzen et al. (1983) . H92: Hooimeyer et al. (1992) . JB91: Jackson & Browne (1991) . K86: Kühr et al. (1986) . K90: . K92: Kollgaard et al. (1992) . L94: Lister et al. (1994) . L96: Lawrence et al. (1996) . M93: Morganti et al. (1993) . M96: Marziani et al. (1996) . M97: Morganti et al. (1997) . Mu93: Murphy et al. (1993) . NH90: Neff & Hutchings (1990) . R84: Rudy (1984) . S89: Stickel et al. (1989) . S93: . S98: Saikia et al. (1998) . SK93: . SM87: Stockton & MacKenty (1987) . T93: Tadhunter et al. (1993) . U81: Ulvestad et al. (1981) . W84: Wardle et al. (1984) . W99: Wilkes et al. (1999) . WB86: Wills & Browne (1986) .
this subsample of sources, we check the correlation between luminosity and redshift, and no correlation between the extended radio luminosity and redshift is found (at 15 per cent confidence, also see Fig. 2 ), while a significant correlation is still present at 98 per cent confidence between the extended luminosity and total broad-line luminosity. The correlation between the extended radio flux and the broad-line flux confirms these analyses on luminosities (Fig. 4) . We also use the Spearman partial rank correlation method (Macklin 1982) to check the correlations. The statistic results are listed in Table 2 . We note that there are significant correlations between νLνext and L line independent of z. There is almost no correlation between νLνext and z independent of L line either for the whole sample or the redshift restricted subsample.
The relation between the core luminosity and total broad-line luminosity is given in Fig. 5 . A strong correlation is present for the CDQs in the sample, and we can see that the behaviours of CDQs and LDQs are rather different. Similar phenomena can be seen in the relation between fluxes (see Fig. 6 ). We re-examine such relations between radio and narrow line [O iii] emission in Figs. 7 and 8, and similar results are present. The statistic results are almost same if those sources only with an upper limit on their core or extended luminosity are ruled out in the analyses. The BL Lac objects in present sample show nothing speacial except for their weak line emission.
DISCUSSION
The radio emission for steep-spectrum quasars is believed to be unbeamed emission from the lobes. The dominant influence on the radio luminosity is Qjet, and not the large-scale radio source environment (Serjeant et al. 1998) . Therefore the radio emission can be a measure of jet power Qjet. The core emission in flat-spectrum quasars is strongly beamed to us, but the extended emission is not. If the difference between flat and steep-spectrum quasars is caused by the different angles between the jet orientation and the line of sight, then one can take the extended radio emission from flat-spectrum quasars as a tracer of jet power, as that for steep-spectrum quasars. The optical continuum is a good indicator of the disc surrounding a black hole for steepspectrum quasars, since relativistic beaming does not affect the optical continuum in these sources. Thus, the radiooptical correlation gives evidence of a disc-jet link (Serjeant et al. 1998) . For flat-spectrum quasars, the optical continuum may be contaminated by the beamed synchrotron emission from jets, which prevents us from using it as an indicator of accretion power. The line emission (narrow or broad lines) can alternatively be an indicator of accretion power for both flat or steep-spectrum quasars.
We present correlations between the extended radio and broad-line emission for a sample of radio-loud quasars, most of which are CDQs (99 of 128, if we define CDQs as R > 1). Figure 4 . The extended radio and broad-line flux relation (Symbols as in Fig. 1 ).
We find significant correlations between the line emission (broad or narrow line) and extended radio emission. A significant intrinsic correlation is also found between the extended radio luminosity and total broad-line luminosity for a subsample in the retricted redshift range, while no correlation is present between the extended radio luminosity and redshift for this subsample. The Spearman partial rank correlation analyses confirm this result. We therefore believe the correlation found here is an intrinsic one which indicates a physical link between jets and accretion processes. The CDQs and LDQs follow the same statistic behaviour, while the LDQs have relatively high extended radio luminosity than their counterparts. The correlations between line and radio core emission exist for the CDQs, while the LDQs show rather different behaviours. Another method to infer jet power is through the determination of the physical quantities of jets, such as, the Lorentz factor, the size of the jet and the density of electrons in jets, from radio and X-ray observations (Celotti & Fabian 1993) . The radio emission from CDQs is beamed to us. The Doppler factor of the jet is the dominant influence on the observed radio luminosity, and radio luminosity is also determined by the size of the jet, the electron density, Figure 5 . The radio core and broad-line luminosity relation (Symbols as in Fig. 1). and the magnetic energy density in the jet. The core radio luminosity for CDQs can therefore reflect the jet power for CDQs to some extent, though the uncertainty exists on the angle between the jet axis orientation and line of sight. That might be the reason why we can also find a correlation between radio core emission and total broad-line emission for the CDQs in our sample. A similar correlation is present between the core radio emission and the narrow line [O iii] emission, which seems to rule out the possibility that the correlation between the core emission and broad-line emission is caused by the orientation effect of broad-line region, i.e., a jet close to the line of sight may imply an unobstructed view of the broad-line region. It is worth pointing out that the core radio emisson is not a good tracer for jet power of LDQs (see . Instead, the extended radio emission can be taken as a tracer for jet power both for CDQs and LDQs. The jet power can be derived from their extended radio luminosity based on some assumptions (see detailed discussion in Willott et al. 1999) .
Similar correlation analyses are performed between radio and narrow line [O iii] emission. Although the sample is reduced to a rather smaller one due to the lack of the narrow line data mainly caused by the redshift requirement on observations of [O iii] , the similar results are present as that for the total broad-line(see Figs. 7 and 8 ).
